High environmental variability is a feature of transitional water ecosystems, which also affects temporal and spatial patterns of phytoplankton. The Lagoon of Venice is characterised by a wide range of environmental conditions, high phytoplankton species diversity and abundance variability. Here we focus on morphological traits and specifically, for the first time in transitional waters, on phytoplankton geometric shape. Our hypothesis is that despite high taxonomic diversity, the prevalent features of the lagoon (shallow, permanently nutrient-enriched, turbulent and light-attenuated) should select a small number of dominant morphological types and adaptive strategies. We tested the hypothesis on a 13-year (1998-2010) phytoplankton data series and related abiotic factors. Seven shapes were found to be dominant and widespread in space and time in the lagoon, with two adaptive strategies: high surface area-to-volume ratio (S/V) together with low greatest axial linear dimension (GALD), and low S/V together with high GALD. Certain morphological traits, which allow a high S/V (from 0.8 to >1), appear quite constant: (i) small size (GALD < 15 μm), in particular in round-shaped organisms, and (ii) high GALD together with shape attenuation, within the same species or across a range of species. We observed that the lagoon regime selects for the coexistence of competing species with similar morphological traits.
I N T R O D U C T I O N
Understanding how the complex of environmental constraints and fluctuations act on the morphological structure of phytoplankton represents a crucial step in clarifying aquatic ecosystem functioning and improving assessment of the impacts of human activities (Litchman and Klausmeier, 2008; Naselli-Flores and Barone, 2011; Kruk and Segura, 2012) . It is well established that phytoplankton cells play a key role within ecosystems and many physiological processes depend on their morphology. Numerous morphological traits could be strategic, helping to explain phytoplankton differences and patterns under contrasting hydrodynamic conditions (Fraisse et al., 2013) . The literature published over the last few decades contains numerous references to the relevance of phytoplankton cell morphology to physiological and metabolic processes (Litchman and Klausmeier, 2008; Beardall et al., 2009; Kruk et al., 2010; Naselli-Flores and Barone, 2011) . Cell size and shape in particular are important morpho-functional traits having a crucial role in phytoplankton ecology and physiology, being key determinants of growth (light and nutrient assimilation) as well as loss processes (sinking and grazing). In natural environments, size and shape selection is strongly related to the variability of environmental conditions. Morphological traits thus are very important in the determination of phytoplankton ecological niches. The coexistence of differently sized phytoplankton organisms is not a geometric coincidence but the result of a morphological adaptive strategy in response to environmental changes (Segura et al., 2013; Roselli and Basset, 2015) .
Transitional water ecosystems (European Union, 2000; Elliot and McLusky, 2002) are fairly heterogeneous, mainly due to their specific geomorphology, catchment area geology and geographical location, as well as to differences in freshwater runoff and tidal salt-water exchanges (Basset et al., 2006; McLusky and Elliot, 2007; Vadrucci et al., 2007) . Particularly, transitional waters such as shallow coastal lagoons are characterised by well-mixed column waters and are typically richer in nutrients than marine environments (Gönenç and Wolfin, 2005; Kennish and Paerl, 2010) . The intrinsic complexity of these areas and the range of local/regional drivers and global factors explain the wide temporal fluctuations of phytoplankton both across and within ecosystems (Winder and Cloern, 2010) . Certain features of transitional waters, such as their shallowness, the close benthic-pelagic coupling and the connectivity to both land and sea, have a profound effect on phytoplankton composition and distribution on both spatial and temporal scales (Cloern and Jassby, 2010) .
Determining phytoplankton community patterns in transitional waters is not only a key ecological question.
It also has profound implications for environmental management, since phytoplankton is the only planktonic element included as a water quality indicator in the European Water Framework Directive (WFD 2000/60/ EC) for transitional and other ecosystems.
The Lagoon of Venice (LoV), the largest Italian lagoon, shows a wide range of environmental conditions as well as high phytoplankton species diversity and seasonal abundance variability (Bernardi Aubry et al., 2013) . The LoV belongs to the LTER-Italy, LTER-Europe and LTER-International Long Term Ecosystem Research (LTER) networks. As part of the LTER project, data on phytoplankton communities, sporadically available since the early 1970s (Acri et al., 2004; Bernardi Aubry et al., 2013 and citations therein) have been gathered on a regular monthly basis from a long-term perspective since 1998. In a previous work (Bernardi Aubry et al., 2013) we analysed the first 10-year time series (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , mainly focussing on taxonomic aspects and providing a reliable reconstruction of phytoplankton seasonal cycles and the main succession of taxa. In this paper we wish to take a further step in describing the phytoplankton ecology of the lagoon, focussing on morphological cell traits: linear dimensions, volume, surface area and surface area to volume ratio. Specifically, we consider, for the first time in transitional waters, phytoplankton geometric shapes. Our hypothesis is that despite the high taxonomic diversity, a small number of dominant morphological types, with high species redundancy, are selected by the lagoon's prevalent characteristics (i.e. its shallowness, permanent nutrient-enrichment, turbulence, light attenuation and openness to other connected systems including land, sea and sediments). We tested this hypothesis by analysing a 13-year (1998-2010) phytoplankton data series and related abiotic factors, based on monthly observations, also aiming to contribute to the ecological debate on the relationship of phytoplankton morphology to the complexity of environmental constraints.
M E T H O D Study site
The LoV (Fig. 1) is a large (550 km 2 ) Mediterranean, microtidal, polyhaline lagoon, categorised as a transitional water body (European Union, 2000) , located in the northern Adriatic Sea. It is surrounded by densely inhabited and industrial areas and is affected by high numbers of tourists, fisheries and aquaculture. It has an average depth of 1 m and is morphologically characterised by the presence of large shallow areas and a network of deeper (5-10 m) channels. It is separated from the Adriatic Sea by sandbars, which are interrupted by three inlets that allow water turnover in the lagoon during tidal cycles, whose amplitude is 100 cm with maxima of 150 cm. Water residence time, resulting from the interactions of tide, wind and topography, ranges from a few days, close to the inlets, to one month in the landward areas (Umgiesser et al., 2014; Ghezzo et al., 2015) . Twelve main tributaries discharge an annual average of about 35 m 3 s −1 of freshwater into the lagoon, with seasonal peaks in spring and autumn. Nitrogen and phosphorus loading is of the order of 4000 and 230 t year -1 respectively. At present, considering the basin as a whole, the LoV appears to be dominated by seagrasses, mainly Cymodocea nodosa (Sfriso and Facca, 2007) . However, in some large areas, the main primary producer is phytoplankton (Acri et al., 2004 , Sfriso et al., 2005 Bernardi Aubry et al., 2013) .
Sampling strategy and laboratory methods
For 13 years, from January 1998 to December 2010, we performed monthly sampling at five stations in the LoV (Fig. 1) , for a total of 158 surveys. The stations were intended to be representative of the natural and anthropogenic environmental variability of the northern and central basins of the Lagoon, which are characterised by a complex interplay of freshwater and marine inputs (Solidoro et al., 2004; Cucco and Umgiesser, 2006) and human impacts (Bianchi et al., 2003) . The stations are located in areas where the presence of macrophytes is negligible and most primary production is by phytoplankton. A thorough description of the five stations can be found in Bernardi Aubry et al. (2013) .
At every station measurements and sampling were made at neap tide. We sampled only the surface water layer,. The water column was assumed to be well-mixed, irregular measurements carried out along the water column indicating negligible salinity and temperature differences between surface and bottom.
During each survey we measured transparency (Secchi disk), temperature (bucket thermometer), salinity (Guildline Autosal 8400B laboratory salinometer), dissolved oxygen (Winkler method: Strickland and Parsons, 1972) and dissolved macronutrients (DIN as the sum of nitrogen as ammonium N-NH 4 , nitrites N-NO 2 and nitrates N-NO 3 ; phosphorus as orthophosphates P-PO 4 ; silica as orthosilicates Si-SiO 4 ), after filtering through Whatman GF/F glass fibre filters, with analyses conducted using a Systea-Alliance auto-analyser (Hansen and Koroleff, 1999; Strickland and Parsons1972) . Incident irradiance was obtained from the ISMAR-CNR meteorological archive
After filtering with Whatman GF/F filters, phytoplankton chlorophyll a (chla; Holm- Hansen et al., 1965) was measured in acetone by Perkin Elmer LS5B spectrofluorometer, before and after acidification. Phytoplankton, fixed in neutralised formalin with hexamethylentetramine, were recognised and counted with an inverted microscope (Uthermöhl, 1958; Throndsen, 1978; Zingone et al., 2010) . We defined taxa composition mainly in accordance with Tomas and Hasle (1997) . We are aware of the unavoidable limits deriving from the choice of the fixative and from the microscopic method; formalin is widely used for phytoplankton studies, in particular in marine and transitional water environments, and it has been employed since the beginning of our long-term series. For each sample, we counted at least 200 organisms (often more than 500), expressing abundance as cells per litre (cells l
−1
). We carried out phytoplankton cell morphometric measurements by image analysis, using a digital colour camera (Go Cameras Go-5). For each species, linear dimensions (μm) including length, width and greatest axial linear dimension (GALD) were obtained by direct measurement. From these measurements we calculated the organism biovolume (V; μm ), in accordance with Hillebrand et al. (1999) and Sun and Liu (2003) . A geometric shape was attributed to each taxon, in accordance with Hillebrand et al. (1999) , and each organism shape was classified as simple or combined. For the taxa richness of each shape, each "mixed undetermined taxon" was considered to represent a single taxon.
Data processing and statistical analysis
The statistical analyses of each parameter were performed on the average values at the five stations, assuming the averages were representative of the general pattern of the central and northern parts of the LoV, which were our main focus. In addition, since we did not aim to study interannual variations, the seasonal analysis was conducted on the averages of each month over the thirteen years.
For the phytoplankton we reduced the original dataset, composed of 330 taxa and 786 samples, considering only species accounting for more than 5% of the total abundance in any one sample (Clarke and Warwick, 1994) . On the basis of this reduced dataset, the same was done for the corresponding shapes (17), i.e. we considered only those collectively accounting for 95% of total abundance (seven in total).
Statistical analyses (ANOVA, Principal Component Analysis, PCA and linear correlation) were performed using Brodgar software by Highland Statistics Ltd. and Statistica by Statsoft, after logarithmic transformation (log (x+1)) of biological data (biomass, as chla, and shape abundance), to account for non-normal data distributions, in accordance with Sokal and Rohlf (1981) . Normality was tested with the Kolmogorov Smirnov test. Evaluation of the relationships between phytoplankton (chla and shape abundance) and the environmental variables, evaluated by PCA, took account of four chemical parameters (salinity, P-PO 4 , DIN and Si-SiO 4 ) and two physical parameters (water temperature and transparency).
Following Stanca et al. (2013) , in order to assess the morphometric properties of the phytoplankton community, we analysed the relationship between GALD and S/V for each of the seven dominant shapes by means of linear regression. When this relationship was significant (P < 0.001), the determination coefficient (R 2 ) was interpreted as the proportion of variation in S/V that can be attributed to GALD, while the slope (b) indicated the degree to which S/V varies as GALD increases.
To study shape variation along a size continuum, we placed each of the seven shapes in one or more of four biovolume categories in accordance with Fonseca and Bicudo (2010) : <100 μm 3 , 100-1 000 μm 3 , 1 000-10 000 μm 3 and >10 000 μm 3 .
R E S U L T S Environmental conditions
A wide range of environmental conditions were recorded during phytoplankton sampling, as shown in Table I . A prevalent pattern of seasonal variation (data not shown) could be recognised, as already described by Bernardi Aubry et al. (2013) : nutrient concentrations, DIN in particular, were highest in winter and lowest in summer, salinity was lowest in spring and fall, and salinity and temperature were highest in summer. Phytoplankton biomass (chla) showed a unimodal annual cycle, increasing from spring to summer, with maxima generally attained in July, fairly well tuned to the seasonal cycle of temperature and irradiance, in full agreement with what was reported for the years 1998-2007 by Bernardi Aubry et al. (2013) . In order to assess the weight of each parameter, PCA was applied. It revealed that six environmental variables (temperature, salinity, transparency, Si-SiO 4 , P-PO 4 and DIN) together with chla explained 68% of the total variance, providing a good representation of the major environmental factors controlling phytoplankton biomass. From the correlation matrix, two components were extracted with eigenvalues greater than 1. The first principal component (PC1: 42% of variance) is related to the influence of freshwater and nutrient inputs from the land, as indicated by factor loadings, which were negative for salinity and transparency and positive for inorganic nutrients. Consequently, low salinity values generally correspond to high nutrient concentrations, while high salinity corresponds to low nutrients and high transparency. The second component (PC2: 26% of variance) is mainly related to seasonal variations in temperature and irradiance. Chla plots in a position near temperature, since the spring-summer period is most favourable for phytoplankton blooms.
Phytoplankton composition: taxa, shapes and main morphological features
Overall we analysed 786 phytoplankton samples, identifying a total of 330 taxa, belonging to 13 classes. Among them, 92 taxa were prevalent, each accounting for >5% of the total abundance in any one sample: Bacillariophyceae (38 taxa), Mediophyceae (21), Dinophyceae (7), Coscinodiscophyceae (6), Chlorophyceae (4), Euglenophyceae (4), Coccolithophyceae (3), Cryptophyceae (2), Cyanophyceae (2), Filosa (1), Prasinophyceae (1), Raphidophyceae (1) and Trebouxiophyceae (1). Most of the Chlorophyceae, Cryptophyceae, Prasinophyceae and Dinophyceae individuals were unidentifiable at the species level and were included in the group "nanoflagellates". According to previous studies (Bernardi Aubry, unpublished data), based on the epifluorescence method, nanoflagellates are mainly made up of autotrophs (77% on average as biomass).
The 92 dominant taxa were classified into 17 shapes, nine of which were simple and eight were combined (Table II) .
Simple shapes dominated in terms of taxa richness (78), the most representative being cyl (23), prismell (19) and prispar (14). Combined shapes were represented by one to three taxa. Cyl was also seen across a high number of classes (five, three of which were diatoms), while prismell and prispar were represented by only two classes and one class respectively, all diatoms. Prolsphe included seven taxa, distributed across five different classes. All the other shapes included just one or two classes. The number of classes for sph was the most underestimated, since undetermined nanoflagellates were the most representative group belonging to this shape. Diatoms (Bacillariophyceae, Mediophyceae, Coscinodiscophyceae) were distributed across the highest number of shapes (nine).
Among the 17 geometric shapes, seven accounted for 95% of cumulative abundance and 72% of the most abundant taxa (66) (Table III) : the analysis focused on these "magnificent seven".
Main morphological structure of the seven dominant phytoplankton shapes
The main morphological features of the seven dominant shapes (abundance, GALD, volume, surface and surface/volume) are shown in Table IV .
Each of the four biovolume size ranges (Table V) was characterised by the presence of various shapes, with the exception of >10 000 μm 3 . All seven shapes were present in the range 100-1 000 μm 3 . Cyl was the only shape present throughout the whole range (from less than 100 to larger than 10 000 μm 3 ) and the only one characterising the highest size range. Sph, proscyl and conhalf were found in the range up to 1 000 μm 3 , prismell and prispar up to 10 000 μm 3 . The size range from 100 to 1 000 μm 3 was mainly represented by sph (56%) and cylhalf (17%), while cyl, prismell and proscyl accounted for the remaining 27%. The smallest organisms (<100 μm 
Seasonal patterns of the dominant phytoplankton shapes
The seven dominant shapes co-occurred throughout the year, peaking mainly in spring and summer (Fig. 2) . Abundance was significantly (ANOVA, P < 0.01) higher in summer for cyl, prispar, proscyl and prismell, in spring for conhalf, and in spring and summer for sph. Abundances did not differ significantly among seasons only for cylhalf. Within seasons where shape abundance peaked, variability was very high and the differences between months were not statistically significant.
PCA was conducted to identify patterns of phytoplankton shape distribution with respect to abiotic variables (Fig. 3) . The analysis revealed that the environmental variables (temperature, salinity, transparency, Si-SiO 4 , P-PO 4 and DIN) account for up to 42% of the total variance, providing a good representation of the major environmental factors controlling phytoplankton biomass (chla) and shape structure. The eigenvalues of the first two axes account for 21.4% and 20.4% of the total variance, respectively. The position of the seven shapes in the ordination was mainly driven by temperature and chla, in accordance with the prevalent seasonal pattern.
Relationship between linear dimensions and S/V of the dominant phytoplankton shapes
The relationship between GALD and S/V was assessed for each shape. Although the two parameters are of course correlated, the calculation of one being based on the other, some key morphological properties, in particular shape attenuation, can be understood from the relations between them (Lewis, 1976; Naselli Flores and Barone, 2007; Alves-De-Souza et al., 2008) . Analysis of linear regression between GALD and S/V showed a prevailing highly significant (P < 0.001) negative correlation (Fig. 4) : for all shapes, as GALD increases S/V decreases. The highest determination coefficient (R 2 ) and slope (b) were obtained for sph (both 0.99) and conhalf (R 2 = 0.79, b = 0.9), and the lowest (R 2 = 0.19, b = 0.35) for proscyl. For sph and conhalf therefore, a very high proportion of variation in S/V can be attributed to GALD, with a respective decrease in S/V of 0.99 and 0.9 μm −1 for each μm increase in GALD. For proscyl only a very low proportion of variation in S/V can be attributed to GALD, with a decrease in S/V of 0.35 μm −1 for each μm increase in GALD. Only certain GALD sizes for each shape were actually found to be dominant, in terms of abundance, throughout the year, and they were always associated with S/V ratios close to 1 (Fig. 4) . These S/V values were obtained by maintaining a small size (<15 μm) and increasing GALD as well as by shape attenuation, within the same species or within different species. Small-sized organisms, with GALD below 15 μm, prevailed for sph, cyl, conhalf and cylhalf. Elongated shapes, with GALD between 20 and 80 μm, typically dominated or co-dominated in prismell, prispar and proscyl. The highest S/V values (between 1.4 and 1.8) were recorded for proscyl, due to  the long (GALD always larger than 50 μm) but highly attenuated shape; for all other forms, S/V ratios ranged prevalently between 0.8 and 1.3.
D I S C U S S I O N
As far as we know, this study represents the first attempt to assess phytoplankton dynamics in a transitional water ecosystem by analysing phytoplankton geometric shapes and significant morphological traits. Geometric shape is traditionally used to calculate phytoplankton surface area and biovolume and it is clearly basic to taxonomic determination. Stanca et al. (2013) used geometric shape for the analysis of phytoplankton, for the first time in a natural system, in coastal-marine waters off the Salento peninsula (Puglia region, SE Italy). Detailed information on phytoplankton community patterns in the LoV, with the main focus on taxonomic composition, is already available for a shorter time series (10 years) of the same dataset used in this study (Bernardi Aubry et al., 2013) . Here we present another key for interpreting the main phytoplankton community patterns in the LoV, based on important morphological traits, as a further means of understanding its functioning. The 13-year time series was used here only to identify and describe, with an acceptable consistency, the prevalent patterns of the phytoplankton community, overcoming as much as possible the high level of variability that usually characterise the transitional environments. We neglected, therefore, the aspects linked to spatial differences as well as interannual variability. Specifically, we sought to test the hypothesis that the prevalent regime in the lagoon should select a small number of dominant morphological types, with high taxa redundancy. Morphological features can be conceived as the expression of organisms' adaptation to recurring patterns of selective factors (Margalef, 1978) . They could be selected by abiotic environment filters, in accordance with the "Trait filtering hypothesis" (Enquist et al., 2015) . Physiologically stressful environments are expected to place especially rigid filters on the types of traits that can survive and potentially co-occur (Enquist et al., 2015) .
It is recognised that shape and size variability play a key role in algal ecology and physiology (Capblancq and Catalan, 1994) and that the coexistence of differently shaped organisms reflects the environmental variability and constraints of pelagic ecosystems. Perhaps the most fundamental aspect of shape and size is the increased divergence from the spherical among larger species, as a consequence of the need to maintain surface/volume ratios within physiologically necessary bounds (Lewis, 1976; Wyatt, 2014) .
Phytoplankton morphological traits in the LoV
Phytoplankton morphological diversity in the LoV in terms of shapes shows a fairly high level of redundancy. The 92 dominant phytoplankton taxa (mainly diatoms and small flagellates) can be classified into 17 shapes, selected from the 31 described by Sun and Liu (2003) for marine systems. Of these 92 taxa, more than half (56) belonged to only three simple shapes (cyl, prispar, prismell) .
Among the 17 shapes, we decided to select and analyse only the most abundant ones, by setting the threshold at 95% of total abundance. In this way the number of shapes decreased to 7, which accounts for 72% of the most abundant taxa. It may be supposed that these shapes best characterise the phytoplankton community in the LoV, selected on the basis of their master morphological traits (GALD, volume, S/V ratio).
Concerning morphological traits and shape selection in the LoV, three main features may be highlighted:
(i) Wide morphological variability (in the GALD or in the relationships between linear dimensions) associated with low taxonomic variability: morphological traits vary within the same shape belonging to just one species or one genus; this is the case, for example, of proscyl (just one species) and cylhalf (just one genus). (ii) Wide morphological variability associated with wide taxonomic variability: morphological traits vary within the same shape, which belongs to different genera or species, so that modifications occur not only within the same species/genera but also across different species/genera; this is the case for cyl, prispar and prismell. (iii) Low morphological variability associated with high taxonomic variability: traits show narrow variations within the same shape, which belong to different genera or species; this is the case of sph and conhalf.
Considering the regression between S/V and GALD, a negative slope was obtained for all shapes. For organisms with a round shape (sph and conhalf), S/V decreased more strongly as GALD increased: this indicates that these are the least advantageous shapes at larger sizes. For obvious geometric reasons, these shapes, which can increase their size in a single dimension (i.e. diameter), show a most straightforward negative correlation between S/V and GALD. For the others, which can change and attenuate ). GALD, greatest axial linear dimension (μm); V, biovolume (μm 3 ); S/V, surface area to volume ratio (μm their shape through the interplay of the three dimensions, the correlations appear less clear and more scattered. This pattern can be obtained through both intra-and interspecific size variation along the three dimensions. Departure from the spherical shape represents the best competitive adaptation in larger organisms in order to conserve an optimum S/V (Lewis, 1976; Reynolds, 2006) , since any distortion from the spherical form implies an increase in the area of the surface enclosing that volume (Reynolds, 1997 ). This in turn implies a morphological shift towards more attenuated shapes, such as cylinders, prisms or needle-type morphologies. This shift, at a fixed diameter, produces little variation in the surface area-to-volume ratio compared to a sphere and it maximises exposure of chloroplasts to light (Naselli Flores and Barone, 2007) . In the phytoplankton of the LoV, two adaptive strategies were seen: high S/V with low GALD, and low S/V with high GALD. The third strategy (i.e. large cells with high S/V), found by other authors in marine (Alves de Sousa et al., 2008; Stanca et al., 2013; Roselli and Basset, 2015) and lacustrine (Padisak et al., 2003, Naselli Flores and Barone, 2011) environments, was never recorded in the LoV. The positive slope value is generally observed for very elongated shapes, which allow the phytoplankton to maximise the exposure of chloroplasts to light (Naselli Flores and Barone, 2011) as well as to sink more slowly than a round shape of equivalent size (Padisak et al., 2003) . In both lakes and sea the concomitant increase of size and S/V seems to be related to water column depth and stability (Morabito et al., 2007; Winder et al., 2009; Roselli and Basset, 2015) , but in quite controversial ways, depending on how nutrient and light regimes are modulated by the mixing/stratification alternation.
Pattern of temporal variation of phytoplankton morphology
The seven shapes coexisted throughout the year, mainly peaking in spring and summer. Notwithstanding the 0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 wide seasonal variation of abundances and the predominant negative relationship between GALD and S/V for each shape, some dominant and constant morphological patterns were seen throughout the year, suggesting the prevalence of one or a few adaptive strategies. Indeed, the dominant morphological patterns (i.e. those characterising the most abundant organisms in each shape) were the same for each species in each month: (i) small organisms (GALD < 15 μm), prevalently round-shaped (such as sph and conhalf) and (ii) larger organisms (GALD up to 80 μm) with elongated shapes, attenuated in one or two planes (such as cyl, prismell and prispar). These two coexisting basic morphological adaptations, within the same taxa or across different taxa, allow phytoplankton to achieve the best fit with the environmental conditions in the LoV. The seven shapes were distributed across different size ranges, without apparent discontinuities, so that each range was characterised by differently shaped organisms. However, not all the shapes were found in all the size ranges and some shapes were mainly limited to specific size ranges, very probably due to the different adaptive strategies adopted for S/V and GALD.
The LoV is a shallow, mixed environment, with high nutrient availability and a euphotic water column, albeit with strong light attenuation. This regime selects for the coexistence of a small number of prevalent morphologies. Similar results were obtained comparing Mediterranean transitional and coastal waters by Roselli and Basset (2015) , who demonstrated that the interplay between shallow mixed-layer depth and frequent and complete mixing of transitional waters is likely to increase the competitive advantage of small phytoplankton, limiting large cell fitness. Recent results by Segura et al. (2013) support the "neutrality hypothesis" as the main mechanism shaping communities in transitional waters: according to this hypothesis, different competing species may coexist because they have equal fitness, reflected in similar morphological traits (Scheffer and van Nes, 2006; Segura et al., 2013; Kruk et al., 2015) .
The response of phytoplankton to light and nutrient availability is recognised in lakes as one of the most important causes of intra and interspecific morphological diversity (Naselli Flores and Barone, 2000; Padisak et al., 2003; Morabito et al., 2007; O'Farrel et al., 2007; Salmaso and Padisak, 2007; Naselli Flores and Barone, 2011) . The phytoplankton morphological structure in the LoV recalls the attributes described by Reynolds (1994) for kinetic lakes, where the species associations are strongly constrained by the habitat, with two main emerging and coexisting patterns (Reynolds, 2003) : Type I (r or C), small nanoplanktonic algae, unicellular, capable of rapid and invasive growth, when nutrients are available and waters are not stratified and Type II (w or R), mostly non-motile and distorted from the spherical form, which supports efficient light and nutrient interception but requires mixing for suspension. The so-called Type III organisms (k-strategists, S-type, large, often colonial, characterised by late succession and typical of highly stratified and resource-segregated environments) are absent, being discriminated against by the habitat conditions.
C O N C L U S I O N S
As stated in our initial hypothesis, we indeed find a high level of redundancy (high taxonomic diversity associated with a small number of dominant morphological types) in the phytoplankton of the LoV, which suggests that: (i) the lagoon regime selects for the co-occurrence of a small number of prevalent morphologies distributed across many taxa and (ii) different competing taxa might coexist because they have equal fitness, reflected in similar morphological traits. Two adaptive strategies were highlighted: high S/V together with low GALD and low S/V together with high GALD. The third strategy (i.e. large cells with high S/V) was never observed. Within this general pattern, the most abundant shapes show two prevalent morphological traits, quite persistent throughout the year, which allow the maintenance of a favourable S/V (from 0.8 to >1): (i) small-size (<15 μm),  particularly in round-shaped organisms and (ii) high GALD together with shape attenuation, within the same species or within different species. Shape of course is not the only adaptive mechanism that may explain the dominance of a particular phytoplankton organism under given environmental conditions, because other traits are also involved and other complex ecological classifications based on them are invaluable (Padisak et al., 2003; Kruk et al., 2010; Litchman et al., 2010; Naselli-Flores and Barone, 2011) . However, a classification built only on shapes and on main morphological traits may capture many of the functional properties of phytoplankton, as shown by studies carried out comparing different typologies of freshwater and marine ecosystems (Finkel et al., 2010; Kruk et al., 2010; Naselli Flores and Barone, 2011; Kruk and Segura, 2012; Roselli and Basset, 2015) . It could allow generalisations and comparisons across ecosystems, with very different taxonomic composition, and, at the same time, provide a powerful tool for modelling and water quality assessment. The analysis of a phytoplankton community with reference to geometric shape, carried out for the first time in transitional waters, seems to provide further insight into the functioning of phytoplankton communities: it needs to be further analysed by studying the interactions with other traits, as well as by comparison with other transitional ecosystems.
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